Summary. Juvenile does were actively immunized against oestradiol-17\g=b\, testosterone, progesterone or BSA. Depending on the antigen, the antibody titres at 17 weeks ranged between <1:10 000 and 1:500 000. Specificity of the antisera was high as judged by cross-reactivity studies. However, significant binding of
Introduction
Active immunization with steroid-protein conjugates has been extensively used to raise antibodies for radioimmunoassay. In addition, active or passive immunization with steroid hormones has been employed as a tool in reproduction research (see Nieschlag & Wickings, 1976) . Immunization with gonadal steroids might be considered as 'selective immunological gonadectomy', because of the biological neutralization effect, and this technique offers the theoretical advantage over castration and steroid replacement that the hypothalamo-pituitarygonadal axis remains complete and the physiological role of a single gonadal hormone can be studied in an otherwise unchanged steroid spectrum. The problem, however, in studies involving immunization with steroids, is the specificity of the immune response which must be carefully evaluated. Determinations of specificity by cross-reactivity studies in vitro are far from ideal, because the situation in vivo might be quite different.
The subject of this paper was to study, by using active immunization procedures, the particular role of oestradiol-17 ß, testosterone and progesterone in the control of lordosis behaviour in the female rabbit, in which oestradiol-17ß is supposed to be the only hormone responsible for receptivity The titre of the antiserum was determined by using a dextran-coated charcoal radioimmuno¬ assay technique (Elsaesser, Parvizi & Ellendorff, 1978) . The specificity of the immune response was tested in vitro by determination of cross-reactivity (Abraham, 1974) (1978) and Parvizi, Elsaesser, Smidt & Ellendorff (1976) , respectively, except that the antiserum (P/3) was raised against progesterone-1 la-bovine serum albumin by intradermal immunization in a rabbit and was diluted 1:20 000. The antibody cross-reacted 3-2% with desoxycorticosterone, <0-3% with testosterone, and <0-l% with 17a-hydroxyprogesterone, hydrocortisone and oestradiol-17ß.
Procedural losses were corrected by incubation for 30 min at room temperature with tritiumlabelled steroids before extraction. The inter-and intra-assay coefficients of variation were 13-3 and 9-0% respectively for the determination of oestradiol-17ß and 14-1 and 9-9% respectively for the determination of progesterone.
Effects on receptivity and pregnancy Receptivity was tested by daily exposure (minimum 5 min) of the does to a fertile male between the 18th and 22nd week after the first immunization injection. Four males were used in turns and males that mated were not used again the same day.
Statistical analysis
Differences in hormone levels between treatment groups were determined using two-way analysis of variance for unbalanced data (Snedecor, 1956) .
Results
As can be seen from Table 1 , immunization with oestradiol-17ß prevented receptivity and consequently pregnancies. In animals immunized with testosterone, receptivity and parturition were observed in 2 does (Exp. 1) which had low antiserum titres. In Exp. 2, 1 animal immunized against testosterone was repeatedly mated, but did not give birth. Immunization with progesterone had no effect on receptivity, but no litters were obtained. Niswender (1975) that specificity, as defined by radioimmunoassay techniques, is not the best way of characterizing an antiserum for in-vivo neutralization, since in this system only the population of high-affinity antibodies is selected, and these may amount to only 1-2% of the total population and be of minor importance in the invivo neutralization. The specificity of the antisera we used was therefore assessed by two different methods. According to the cross-reaction studies, the antisera raised had a marked degree of specificity, recommending them for use in radioimmunoassay procedure. However, binding of sera diluted 1:100 to various tritiated steroids, which is considered to be more close to the in-vivo situation, raises doubts about the specificity of the effects observed following active immunization with steroids and might explain the interesting finding that immunization with steroids resulted not only in an elevation of total serum (bound and free) concentrations of the steroid used as the antigen, but also of other steroids. For example, elevated oestradiol levels were found in animals immunized against testosterone and we assume that this was caused by the non-specific increase of oestradiol-17ß binding in the serum of these animals. We did not attempt to determine the unbound fraction, i.e. the biologically active fraction, by equilibrium dialysis, as even this method is not reliable regarding the amount of steroids bound in undiluted serum when measuring very high binding (Nieschlag, Usadel, Wickings, Kley & Wuttke, 1975; Thorneycroft, Thorneycroft, Scaramuzzi & Blake, 1975) . However, from the effect of immunization on receptivity and fertility it is evident that the amount of unbound, biologically active hormones has been reduced.
The rabbit appears to be one of the few non-primate mammals in which sexual activity may continue after ovariectomy (Beyer, Cruz & Rivaud, 1969 Armstrong, Gauldie & YoungLai (1978) and the reason for these divergent findings might be that the antibody titres were about 10 times higher in our animals.
The finding that receptivity was also blocked in does immunized against testosterone must be interpreted with caution in view of the high binding of oestradiol in the serum of these animals and the observation that oestrous behaviour may be restored in the ovariectomized rabbit by injection of testosterone, but not by treatment with the non-aromatizable androgen 5a-dihydrotestosterone . It is suggested that in these animals the suppression of receptivity is a non-specific effect and a consequence of oestradiol inactivation due to increased binding in serum. We conclude that the specificity of the observed response following active immunization is a major problem. Non-specific increase of steroid binding in serum has been observed in all animals immunized against gonadal steroids and it is difficult to evaluate the importance of this effect. Steroid hormones such as oestradiol-17ß which occur in low concentrations in the blood may be neutralized, but others may not be affected in their biological activity. An alternative possibility in studies involving immunization procedures as a tool in biological research would be to use purified antibodies for passive immunization procedures.
